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SUMMARY

Densified Refuse -Derived Fuel (dRDF) is manufactured by ex-
tracting a fraction of urban wastes or refuse that possesses the majority
of the fuel value to b~ found in this raw material. This beneficiated
fraction is densified or compressed into sinall dense pellets for the pur-
pose of substituting them for ccal which is used to produce steam in
spreader stoker boilers. The U.S. Air Force is conducting a multi-
year evaluation ¢f meriis and problems r1esulting from the use of this
renewable, alternative fuel resource. This report examines a number
ot facets of the evaiuative program and oliers recommendations for im -
proving the utility and value of this fuel resource for military and
civilian purposes.

The technologies that have beern used to manufacture dRDF have
been reviewed both to repert their experiences and to examine possible
ways in which the manufrcturing process may be improved. Specific
technical and economic concerns associated with the manufacturing
process have been discussed.

Past and present experiences with the handling and firing char -
acteristics of dRDF at Wright-Fatterson Air Force Base and in other
tncatinng have been reviewed and discussed. Recommendations are
offered for improving specific troublesome attributes of the current
supply of dRDF,

One requirement for more effective and less costly use of dRDF
by Wright-Patterson Air Force Base is the development of a local fuel
manufacturing capability. Options for achieving this goal are discussed
and the optirvum approach for achieving both Air Force goals and local
community waste disposal requirements is recommended.

A number of specific research needs and programs are intro-
duced as Research Briefs. Program costs and desired results are
estimated. Areas considereq include both improvements of the char -
acreristics and r¢tility of the existing dRDF formulation, as well as the
advantages promised by a substantially different formulation. The
most pertinent iiterature concerning experience with dRDF is presented
in a series of briefs which stress both useful results and weaknesses in

terms of the Air Force evaluation. Several literature briefs are
included to provile technicel sabpnort Yo principal recommendations and
to eraphasize spoecitic rescarah needs.

The principal recomrmendations of the report are:

b, Tooacbticew covsomar - ost savirgs in the shortest possible time,




— T

an integrated test of a local fuel formulation production facility and an
Air Force boiler must be conducted.

2. The local fuel formulation and production facility should be
privately owned. Existing dRDF formulations should be revised to in-
clude coal, beneficiated urban wastes, and other under -utilized fuel
resources. The management of the local fuel production facility must
have a vested interest in actively supporting additional evaluations of
various dRDF formulations to achieve the production of a premium
spreader stoker boiler fuel. (Fuel use criteria are presented in the
report to provide initial direction for this effort.)

3. The Air Force should automate control and operation of one
boiler so that minimum time and expense will be incurred in evaluating
various fuel formulas. This same instrumentation may be used to
assure optimum operation and minimum fuel use by all boilers support-
ing the bhase.

4, Given existing financial circumstances, cost sharing is most
likely to be achieved with a private company. Air Force funds for the
long term procurement of fuel may be used as the incentive for cost
sharing the evaluative process.

5. The system that seems most successful at producing a bene -
ficiated refuse-derived fuel of a quality suitable for dRDF formulation
is owned and operated by the City of Ames, Iowa.

These recommendations, while more extensive than anticipated,
have been carefully considered by the author after weighing a large
number of factors. They are believed to offer the lowest cost, lowest
risk, shortest term approach to reducing the cost of steam production
through the use of alternative refuse-derived fuels at all U.S. Air Force
Bases.
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SECTION 1

NTRODUCTLION

This report presents a management and technical overview of
long term tests and evaluaticns ot densified refuse -derived fuel (dRDF)
as a spreader stoker boiier fuel. The tests are being directed by the
United States Air Force at Wright-Patterson Air Force Base in Dayton,
(hio. Many aspects «f ARIDE production and use, both directly
associated with this project and through work conducted by other private
and public groups, are exnmmined from several points ol view,

The primary purpose of this report is to integrate the informa -
twon developed by others and the information being developed in this
series of tests into the most beneficial and overall cost effective ''next
step’ in increasing the utility of cRDF, both to the United States Air
Force in terms of a routine facility mission support capability and
facility energy security and independence during periods of domestic or
international strife, and to increasing the use of domestically produced,
renevwable energy rescarces throsghout »ur natiorn,
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SECTION 11

DESCRIF'TION OF FUEL RECEIVING, STORAGE, HANDLING
AND FIRING FACILITIES AT WRIGHT -PATTERSON AIR
FORCE BASE BUILDING 1240

Fuel is delivered io Building 1210 at Wright-Patterson AFB in
either of two ways (Figure ). First, it may be delivered in conven-
tional coal hopper cars and, second, by any size truck. A coal
unloading facility is provided. Rail cars are received and unloaded in
one bay of the facility and trucks are received and unloaded in the
other. The rail car unloading facility is of conventional design with a
high ceiling, suspended car shaker, rollup doors on either end and

sufficient length to accommodate two hupper cars simultaneously.
Underneath the tracks are crizzley tyro screens with approximately

& in. openings and steep sided hoppers (i.e., 80 degree slopes or
better) which conduct fuel to belt conveyvors that remove the fuel from
the unloading facility. The truck side of the facility is similar to the
rail side but lacks rail tracks. Duplicate grizzleys and hoppers allow
(or the unloading of twu culLplricks susuliancously and roilup doors
can be used to weatherproof the unloading operation.

A concrete -floored fuel storage yard is provided to augment
fuel storage silos. The yard is surrounded by appreximately a four
foot high concrete retaining wall with openings on one side only for the
ingress and egress of trucks, as well as the removal of coal by front
2nd lcader ur bulldezer from the fuel piles. The fuel storage area is
cnprotecied t'ro;'n the weather. Yuel s removed from the yard by
transporting it a few vards to a grizzley screen and hopper located out-
stde, adjacent to the truck and rail car unloading facility. Fuel may
be delivered to the storage yard only by truck.

Fuel, unloaded either fruin rail car or truck in the receiving
facility or removed from the storage yard, is conveyed by belt con-
pyors to one of four fuel storagce silos.  Fuel, added to the silo from
the top, freefalls to the fuel surface and is removed at the base of the
silo. The silos are approximately 30 feet in diameter and 70 feet in
height.,  Fuel is unioaded onto o single horizontal conveyor located
beneath each silo; this conveyor serves all silos. Thus, blending of

fuels from one or more silos is possible. The storage silos have
mical bettoras and high =troupth vibrators for vibrating the conical
b vtem of the o pper to oot wnloading.

Fuel is conveyed out of the silo area to the base of an incline
conveyor, which raises it above the level of the bunkers serving the
botlers in the Hotler neuse The tael binkers are of older, rounded
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bottom design. Fuel is removed from one of a number of slide gate
controlled outlets, aggregated on horizontal conveyors, and delivered
to a tipping bucket which controls the conveyor operation. The tipping
bucket then delivers charges of coal of pre-selected weights to a non-
segregating distribution chute and thence into the spreader mechanism

attached to the furnace and boiler.

The spreaders are conventional Detroit overthrow type and the
furnace is served by a Detroit rotograte traveling grate. The boiler is
designed to produce high temperature hot water with water leaving the
boiler at approximately 450° F and sufficient pressure to maintain
liquid state. Due to changes in the distribution system, water is
returned to the boiler at approximately 350°. Bottom ash is collected
by pneumatic system and delivered to an ash silo. Fly ash is
collected from the base of electrostatic precipitators and normally is
delivered to the same ash silo. Ash is removed from the ash silo by
dumptruck. The silo is equipped with water sprays for suppressing
dust when ash is being unloaded into the truck.

The boiler used for testing dRDF was built in the 1950's by
B&W and, due to modifications in the steam and hot water distribution
systems, it is used primarily as a supplement to newer boilers built by
Combustion Equipment Associates. dRDF is fired only in the older

boiler.

A
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SECTION 111

MODIFICATION iy b ol A wiving, STORAGE, HANDLING
AND FIRING SYSTEMS TO ACCOMMODATE dRDF

The basic systein 1or hiendling «oal has been used for handling
dRDF and a few operational procedures have been modified in order
to accommodate the dRDF fuel. In gencral, capital expenditures on
additional eguipraent for gian pemen’ of ARPF at the site have been
minimal. The single excention of this n.ipht be the heavy duty
Wooodoow ool GRDI. Such equipment

¥

vibrator attao e 10 ¢ Si .
is desirable for codai renwoval froum =ilos, especially during periods of
inclemnent weather vihen “o0 coal nisv oe received wet.,  Vibrators are

attached to each of tue =l on s yding, 2240,

Operation of tne 1ue. unteading facuity and silos is controlled
by a computer. Deviations ftom anticipated normal nperation are ex-
tremely dafficult to accomplish due to the limited capaoiiities of the
existing operational contrel program. For example, fuel cannot be
LRI OVE D DGO L bai aie wxdagloITed fo lae $lori ge tard, even
though the mechanical capability exists for this operation. Conse-
guentiy, a more versatile progirain is r<quired or, rnore desirably, a
complete central manual control board with override capability is

neeaed.

A single belt conveyor is used to move fuel through the facility.
Han vnanticipated oreak oconrs, the tacility steaming capabilities
conid be lost, One rernedy is 1o sunply replicate conveyor system;
however, in view ot the ease with which belt conveyors may be spliced
and the ready ava.ability of veplacement belts in the Dayton area, a
replicate conveyor systern is not recommended.

A number of probiems in dealing with dRDF as a boiler fuel
have been encountered. Some are unigue to the system, but most are

Tnigne to the tyoe of fuel.

Several experiments nave been run in attempting to receive
dRDE by mad ir o the suppiiet, the NMaryland Environmental Service.
Each of these experiments, one of which took place during the period
~f this contract. has produced less than satisfactory results. The
GRDF generally bridoes “rithe foopper car in such a way as to require
seeTar Toaukc s b0 G G Loy o the car. Settlement
was un the order of i5% 1o 25% with the creation of numerous fines
because ot the jostling and abrasion of the material in the car. Sub-
sianting gquantities o dust are reicnsed during the car unloading.  Al-
chie tigh Lhe oo o oL s i al ¢ ongered for coal, coal generally




does not require manpower for rail car unloading; hence, the crew is
not exposed to the high concentrations of dust. Dust protection masks
are available and are provided to crews when they unload dRDF. The
nuisance of having to assign four men to a rail carload of dRDF for
unloading purposes cannot be discounted.

; The bulk of dRDF used by the facility has been delivered by

truck from Maryland. The fuel has generally arrived in good

condition. Tarpaulins are used to protect the fuel from the weather

and the trip is generally brief, a matter of a few days at most. Unload-
ing is easily facilitated because the lift bodies on the trucks allow the
dRDF to slide from the truck by gravity. Unloading inside the coal un-
loading facility creates considerable dust, but a crew is not required
during the unloading process. Alternatively, the fuel may be delivered
direct to the coal yard if insufficient storage is available elsewhere.

Storage of dRDF at the facility has proved to be the area of
greatest difficulty. Severa. storage alternatives were explored,
because the fuel does not withstand exposed outdoor storage well. One
problem was outdoor storage, with a resulting deterioration in fuel
guality due to moisture absorption. dJdRDF, when stored in piles out-
of-doors, tends to form a crust over the surface approximately six
inches deep. This crust tends to shed rainfall and preserves the
remainder of the pile in a dry condition. This phenomena is totally
dependent on the area of the pile being extremely well drained (i.e.,
runoff moves away from the pile, not underneath the pile). Outdoor
storage of dRDF was practiced successfully, although the dust and fine
content of the fuel was predictably increased due to deterioration of a
substantial portion of the pile {i.e., weathering).

A storage silo was designated and set aside for exclusive storage
of dRDF. It was found, however, that the dRDF had a bearing capacity
prior to deformation of not more than 285 pounds per square foot.

Thus, only a pile roughly 20 feet deep could be stored without bridging
and jamming the unloading chute. Therefore, the majority of the silo
| could not be used for fuel storage. Consequently, the silo was pre-
dominantly used as a fuel staging area for blending and delivery to the
bunkers supplying the boiler with fuel. Dust and spillage during silo
unloading operations was severe, but personnel were not required to be
present.

Fuel storage silos normally discharge materials from the top of
the silo first. This is accomplished by the formation of a moving
column of fuel approximately the size of the opening (two to four square
feet) at the base of the silo, which extends to the surface of the fuel
stored in the silo. Frictional forces are least on the surface fuel
particle, so a cone shaped depression is formed in the surface of the




fuel and supplies fuel to the moving column. Thus, the first fuel added
to the silo s the last 7 be romoved,

Unloading of cunveyurs into the storage bunkers above the boilers
did create substantial amounts ol dust and at least one man was required
to be on the site to supervic« the filling of the punkers. Dusting in this
area was extreme t¢ the point where a potential fire and explosion

hazard could conceivably be cruated.

Additioraley, veoroval o0 the 2R slone Irom the fuel bunkers
has proved slichily more difficuit than coal alone.  When firing fuel
puxXtures (D00 by cslhieas ar Jrotaa 097 ety unluading of the bunkers
has not proved ¢ be a problem. However, when 100% dRDF firing was

sren was acoldedly more difficult (e,

attempted, unioadin, .7 tho bu
Jams reqguired NalGas vO s 0 v ove o fel). (Cn balance, while
Jams do occur with coal (¢specially duriny periods of inclement weather
or with inferior grades «f coal), the dRDF may be considered more diffi-
cult to handle in conventional coal storav. bunkers, reaqniring additional
operating personnel. Additional dusti coniroi eguipinent 1s probably
required in the area of the bunrkers, 37 the current dRDF formulation is

LC LU DUTrned As o aulitai UPelL i,

The buller, winch was uscd to test both blended dRDF and coal
and ARDE ~lune. was designec o predirce approximately a hundred
midhor BUH'S per Loar ol ncat, oo lual operation, due o changes ia
hot water usage, 2 masximum of abour ©2 10 5 million BTU's per hour
could be attained and normal operations ran 32 to 37 rniillion BTU's per

te v Chis, the epast o DRDEF alone o boller cavacity could not be
cootunted.  Additioe] testimg 2t 2 Dodler normally operated at design

jeading 1s reconm. onacd 1n order 1o Investigate this particular question.
In mmonitoriag the dlend tosts, miniimal clinkering was observed
ani could at worst be compared with the operationsl impacts of off -spec
coai or with lumps of non-tuel inaterial in coal. In every case, the
clinkers were easy to break up by rodding, which is a normal part of
rhe noler operator <« ditaes Yhen {iting dRDFEF alore, clinkering was
ohserved and [ one instaince) was relatively extensive along the right
side of the boiler. However, as pointed cut in a monthly status report,
ARDI s cntvemely seonsitive to o sproader adjustment. Apparently a
worn shaft in the spreader resulicd in a slight malalignment. This
tended to cause the fiuel to bulk agxninst the right wall as opposed to
getting eveos Aigtricador oo che fosf hed. The bulking in turn reduced
T T T A ST U U o wrs o b vreated 2 reducing envir -
onment in the fuel bed, which ¢ntianced the opportunity for clinker
formation.  Duri g one of the tests, the worn shaft became noisy
{oiviouslyv defective) arnd was repin-ed. On replacemens, the apparent

,Lr‘PPrvrn AU b f_"-_)‘;,n[u'.?‘tnl e, chinker tormation and fuel bed




management in the boiler (when firing any mix of coal and dRDF) is
within the range of normal boiler operating practice.

Emissions data from the boiler test is not available to this con-
tractor as of the writing of this report. However, visual observations
of on-line monitoring instruments indicate that sulfur oxides were
depressed (as expected), fuel burn-out was as good or better than with
coal alone, and particulate emissions (especially due to the low loading
of the boiler) were well within what might be considered a normal range

for the boiler.

Ash formation and management is another area of concern.
dRDF produces roughly twice as much ash per ton as the coal fired at
the facility. Coal is normally 7% to 9% ash and the dRDF averages at
least 15% ash content. Selecting the rather arbitrary figure of $3 per
ton for ash disposal costs, the cost of ash disposal on a ton of coal is
roughly 22 1/2¢. dRDF, having a higher ash content, costs about 45¢
per ton; but, since two tons of dRDF are required to replace one ton of
coal, the actual cost on an equivalent heating value basis is 90¢ per
equivalent ton of coal. Ash characteristics were compatible for the
existing pneumatic system. The clinkers that formed were soft and
easily broken apart. For the most part, the ash was relatively fine
granular material completely compatible with the pneumatic handling
system. A high load on the boiler might exacerbate the ash manage-
ment problem; however, this condition has not as yet been tested.

o]




SECTION IV

R

CMIMA LGN ko oArioas, EQUITMENT AND
OFPERATIONAL PROCEDURE CHANGES

Single purpose capiial ¢quipriert changes have been minimal to

accommodate dRD¥F.  The principal exponditure night be considered to
be the vibrator attached tu tne conical basoe of the silo designated for
RDF siorage. ii . TSR Ry 11»"2‘.111‘ are 1dentical to those
nsed ex(‘luswely for ol The =110, due 1o the low 1oad bearing
sirength oi tie e Uz, wanoo! e ooon.unonily used ~ihoor without a

vibrator because ot the deiormatmn ard the packing of the dRDF in the
silo when loaded to deptihs of dian avows 20 feet,  Hence, alternative

means were found for stovinyg J4xIF . oo which war practiced during

several of the tests, was the :-~n~pm-a_rv zssionment of the truck unloading

area of the receiv mg 1ax i1ty tor indoor arRDF storage. In this area,

about 100 tons of ARDY “uula be stored, withdrawn and delivered to the

silo, and again withdrawn for delivery to the boiler ruel bunkers. The

second sxpedient praciiced »! Building 1240 was the use of a portion of the
. J

XISty Vuad Seeiai oo, o0 L BN ‘»,:|1~“: Gl HESERE ‘hree hundred
tons of dRDF were stored ir this manner for umler performance tests.

Twn alternitives are avacable for umproving current dRDF storing
sractices.  ‘fhe utrst 13 1o modily the suo oy instailing several false
bottoms so that each boitom carries approximately a maximum depth of
20 feet of ARDE. The silo could then be almost completely filled with
ARDT and the compariments in the =110 1oaded and unloaded successively.
capitcl cost of this pmodification woaild probably be great due to the
aifficuity of retrofitt g the silo with rne false bottoms, hopper doors,

"A.)A‘L‘Lf(}ls, \/ibrat.\,;r:, and level 11]\)1};:\!1'11\}3’ devices.

A secand optiwon for dealing with the problem of dRDF storage is
the construction ¢t a shed over s portion of the coal storage yard to pre-

vent major adverse impact of inclement weather on stored dRDF. Such
Srhec meea consis ol Lt Lot e tnan structural supports and a roof
ufficientlv hich to allow front end woaders to operate and trucks to

unload directly into the shed. The ¢nst of such a shed is measured in the
e¢ns of thousanas of dollars Fror: the shed, dRDF c¢ould be transported

directly into the bunkers for burning or into the silo for blending with
coal. An additicaal benefit to the use of storage sheds is the biodrying
{ *he dRDY

Another area of concorn s dust control for the dust associated
with dRDF . A5 indicated carlicr, dust during rail car unloading was
GVETEe AN a4 CTett cags feriiirend o peTilcpite i the unloading. The
Sronler s et s e e b e i e, castine in the area of

iR




the fuel bunker serving the boiler, however, is severe. Due to jam-
ming and normal unloading procedures, a person is required to be in
attendance when the fuel is being handled. In addition, dust accumu-
lation adjacent to the bunkers indicates a potential for either
spontaneous combustion or flash fire due to accidental ignition. Hence,
additional dust control is desirable.

Three basic approaches appear to be suitable. The first of
these is to install powered ventilation which removes the dust from the
bunker area and distributes it into the boiler overfire air system or to
a baghouse. This option appears to be extremely costly both in capital
and operating costs.

The second option is the mist oiling of the dRDF at such a time
as it is removed from the storage silo either for blending purposes or
for transmittal to the bunkers for dRDF alone firing. No data is avail-
able on the effect of oil sprays in suppressing dRDF dusts. However,
one might surmise that the cellulosic and fibrous nature of the dRDF
dusts would tend to make them agglomerate to and be wetted by oil
droplets, which, in turn, would make them adhere to larger particles.
Fuel jamming in the bunker might be exacerbated by the oiling, since a
sticky surface would be created on both the pellets and the smaller
particles.

The third technique which might allay the dust problem during
transfers is steam or water sprays applied in lieu of oil. The principal
advantage is the lower cost of the additive, but every pound of water
added to allay dust must be economically offset by a loss of fuel to the
boiler and potential loss of peak capacity. Under low load conditions,
this might be the most cost effective retrofit technique for dealing with
the problem.

Removing dRDF from the boiler supply bunkers (as indicated
earlier) has also been an occasional, but recurrent, problem.
Although not severe, removal of the dRDF has required more than a
normal amount of operating manpower when dRDF alone is to be fired.
If the boiler is to be committed to dRDF firing, additional equipment for
use with the bunker is desirable. Three options appear to be useful.
The first option is the addition of more vibrators or mechanical
wrappers to the bunker. The second option is to locate one or more air
blasters or air cannons near the base of the bunker which shocks, lifts
and lubricates the fuel, causing flow to begin. The third option is to
modify the shape of the bunker by inserting steel plates to create steep
sides as opposed to the existing rounded ones. The reduction in t inker
size would increase the manhours required for filling the bunker,
because its storage capacity would be proportionately less than is
presently available. The continuous firing of dRDF alone as a normal
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operating procedure does not seem warranted, since blended fuel
accomplishes many »I “he 2esired rer 2t from dRDFL. Hence, modifi-
cation of the hopper is not a primary need at the present time. Further
exploration of the effects of blends on the hopper discharge function
might be desirable.

A different and preemprive approach to the resolution of the
problems described in the preceding paragraphs of this section is avail-
able and deserves serious cunsideration. FEach of the problems
described heretofore is & lunction of one or more properties of dRDF as
vresently formulated. Al of the facility retrofit solutions proposed for
cach problem could be preeriptec by micitying the dRDFE forrmnulation
technique and thus improving defined undesirable properties. As this
farmula modificarion approscr appears to offer the greatest overall
cost-benetiit while not adversely afieciing tne desirable properties of
dRDE, it is the recormmerded approach, cven though its development
requires greater effort and siightly more time than the suggested

rack -on solutions,




SECTION V

USE CRITERIA FOR EVALUATION OF dRDF PROPERTIES

This section represents a considerable amount of deductive and
inductive logic, informed opinion and speculation. This section does
begin to give structure and direction to considerations for future dRDF
formulation, testing and preferred results.

Philosophically, in evaluating dRDF as a manufactured or solid
synthetic boiler fuel, it would appear most desirable to make the best
fuel possible and then to optimize boiler operations against the most
desirable characteristics of that fuel. Thus, an integrated fully
optimized system for the production of steam, hot water or electric
power should result for any specific existing or proposed facility. To
date, efforts to manufacture solid fuels have been extremely limited in
scope. dRDF has been more or less single purpose in scope, that is,
to turn garbage into a fuel minimally acceptable to stoker fired boiler
owners and operators. If one accepts the premise that a certain level
of cost must be incurred in manufacturing any quality of a solid fuel
(assuming raw materials are economically comparable), then it would
seem logical to manufacture a fuel that provides for the greatest amount
of reduction in other costs associated with the operation of a boiler.
Thus, on a relative basis, the goals of the boiler operator can more
nearly be met by a manufactured fuel rather than a mined or unimproved
fuel.

Basically, these goals may be summarized as being able to pur-
chase a less expensive fuel than that currently being used. Cost
savings may be achieved through a lower purchase price, reduced on-
site fuel processing cost, reduced emission control costs, increased
steam production capacity, or a combination of these factors. Given
these general goals of the boiler operator, the fuel manufacturer must
consider a number of criteria in formulating a premium synthetic solid
fuel. The following criteria are offered for consideration.

STRUCTURAL INTEGRITY

The structural integrity of the synthetic solid fuel is of critical
importance. Structural integrity allows the fuel to be handled in typical
coal -handling equipment which may exist or may be readily available
from manufacturers. The suppression of dust is a desirable goal in the
synthetic fuel. Dust lost to the environment represents a health hazard,
a potential explosion hazard, a fugitive emission problem and a loss of
fuel. In furnaces, it further complicates the combustion of the fuel by
increasing loadings of ash on the emission control equipment, as well as
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increasing the potential for deposition and corrosion of the boiler tubes
and mcreasiag the potsential for uel :ows due to msuificient combustion

time,
STORABILITY

The synthetic fuel should ve capable of being stored unprotected
out -of -doors with minimal loss in combustion qualities; i.e., it should
at least be similar to coal. Even coal degrades in the presence of the
cxidizing and weatheving force< of the environment when left in piles for
an extended period of tirne. Minumal loss of structural integrity during

CHPOSEQ Sleldye Should be aciaiecaa DYy Lo manufacluring process,
TOMPATIBILITY WITH UNMODIFIED COAL-HANDLING EQUIPMENT

Any svnthetic solid fuel which 1s i0o be marketed must
necessarily be compatible with essentialiy unmodified coal-handling
couipment already in service. Manufacturers currently preducing coal -
handling equipment can repraduce this equipment more quickly and
probably at lower cost than they can produce new designs. Hence, the
IUCL (LG in nalldaad ol e G diaety ©of @l Loal Ll purposc s, act sike coal

in the handling and storage procedures.
COMPRESSIVE STRENGTH

Because coal is often stored in silos and bunkers of considerable
depth, a certain minimum compressive strength must be attained by a
syrihe'ie fel. Lhis compressive strength should probably exceed 1, 000
povnds per sguare foct without anv deformation or crumbling of the fuel

pariicles.

CPARTICLE S1ZE RANGE

The particle size range of the synthetic solid fuel is a critical con-

sideration, especially when firing spreader stokers. These stokers
EUCOTT GTLte an asrodynamic separ.iicn function in order to maintain a
niform level of fire and heat release ovver the entire surface of the
furnace. At the same tire, the stokers provide for a uniform burn-out
~oiat at the erd of the grute to preclude release of burning fuel to the ash
handiing system with resulting clinkering and failure of the system. A
range of particle sizes is extremely desirable so that larger ones are
hrown to e back of the  siler and smaller ones {all nearer the front,
Glis PTOVIAIRG 0. L0 .o@ia ciie s ourinig and et release throughout

the boiler and a uniform fuel burn-out point.

Because combustion ar fioows i the farnace and bhoiler essentially

autas partiole seoration syvs e, hines shoutld be minamized.  Since




air moves through the grate, fuel bed and boiler at a nominal velocity
and upward direction, any particle with a settling velocity less than the
nominal air velocity will not settle on the burning fuel bed, but will be
quickly carried through regions where combustion could occur. Thus,
unburned fines or carbon loss occurs and boiler efficiency decreases,

HEAT CONTENT

The heat content of a synthetic fuel is of significance. Spreader
stokers are generally designed to accommodate certain heat contents of
various types of coal. Design firing requirements are met by adding a
number of identical spreaders to a given furnace design, depending on
the anticipated heat content of the fuel to be burned. When supplement-
ing or supplanting fossil fuels with a synthetic solid fuel, the synthetic
must fall within the spreader capacity, including safety factors designed
into the normal system; i.e., additional spreaders cannot be easily
retrofitted on a furnace. As a result, the heat content of the synthetic
fuel should be at least sufficient to operate the boiler at design capacity,
while operating only on a synthetic fuel. For comparison, a heat con-
tent of 9,500 to 10, 000 BTU's per pound synthetic as compared with per -
haps 13,000 BTU's per pound coal should be adequate,

BULK DENSITY

In general, the bulk density of the synthetic fuel must approach
that of coal as well as match existing feeder capacity. Spreader feeders
are basically volumetric devices. They deliver a selected volume of
fuel or fuel space per hour regardless of the density of the fuel. If the
fuel density decreases sufficiently, it becomes physically impossible to
feed adequate fuel into the boiler to maintain desired capacity. Hence, a
reasonable estimate might be a bulk density of 70% t, 80% that of the
original design fuel, coal. The ape of the boiler in making this
determination is of significance also, because older boilers generally
included more liberal safety factors than do newer ones.

SULFUR EMISSIONS

The rate of sulfur oxides emissions produced when firing the
synthetic fuel is a principal consideration. If high sulfur coal is burned,
then post-combustion sulfur control devices must be added to the system
at great cost. A manufactured synthetic solid fuel inherently provides
opportunity for suppressing sulfur emissions while preparing the fuel.
Thus, in a synthetic fuel, sulfur should be suppressed by processing and
appropriate additives to arrange for the desired rate of sulfur emissions
from the fuel within optimum ecuonomic boundaries (i.e., not fuel suliur
content but fuel sulfur emission rate), must be the controlling specifi-
cation,




QUALITY CONTROL.
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the greater the expense of removing and discarding the ash. On the
other hand, an increase in this area as traded off against higher sulfur
content, better combustion characteristics, etc., or lowering of fuel
cost could be economically advantageous. Further, the modification
of the furnace to achieve higher grate speeds than the original design
required is both inexpensive and easy to retrofit on spreader stokers.

GASIFICATION CHARACTERISTICS

The compatibility of a synthetic fuel with close-coupled gasifiers
or other types of gasifiers that may be used to supplant oil or gas fired
boilers is also of significance. As fossil fuel costs increase, synthetic
solid fuels should be capable of supplanting oil and gas on a temporary
or permanent basis through the use of clese-coupled or free-standing
gasifiers. Hence, the gasification characteristics of the fuel are also
a criteria consideration.
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To achieve uptimum furnace ouperation, air is supplied to the fuel
bed through the grate, tirst, 1n sufficient quantities to allow the bed to
burn or at least volatilize and, secound, to assure that the bed does not
reach such temperature that the ash slagging point is approached and ex-~
tensive clinker formation initiated. Optimal operation of the furnace is
approached only when minimal air is supplied to maintain good burning
in the bed and sufficient coouling to prevent clinkering.

Additional air for combustion added above the bed or secondary
air is equally important in that it must be added in reasonable quantities
at correct velocities and appropriate locations to achieve good gas mix-
ing.

Air control variables are normally not closely monitored in the
existing boiler operation, but have significant effects on the efficiency of
the overall operation both in terms of the quantities of air used ai.d in the
way in which it is used. Improved air monitoring and control could
greatly benefit test results.

Another area of interest is the use of duct work opacity meters so
that rapid responses to relative changes in particulate loading could be
measured during boiler operation in order that the boiler might be fine
tuned to minimize the amount ol particulate lofted from the fuel bed.

This would also make it possible to do relative checks between the level
of particulate emitted with different fuels without having to do expensive
particulate stack testing for every different fuel or fuel mix.

From the research point of view, the end result of improved in-
strumentation is a boiler which may be essentially optimized around a
given fuel with a minimum amount of trial and error effort and with a
minimum amount of stack testing, whichis both cumbersome and
relatively expensive to accomplish. Detailed stack tests could be used
only when boiler operating conditivns were optimum for the fuel of
interest.

An additional benefit from cquipping at least one boiler at
Wright -Patterson Air Force Base with sophisticated instrumentation is
improved fuel economy on all the boilers. If the uperating conditions
for one boiler can be more perfectly optimized, then all boilers can be
adjusted accordingly and assumed to fcllow a somewhat similar pattern
of controlled setting (i.e., one boiler acts as the pilot facility for the
entire base). The economic return for this investment, aside from its
research value, is very direct. The base currently burns about
100, 000 tons of high quality coal a year. If an overall fuel use improve -
ment of only 1% were achieved by increasing the control instrumentation
capabilities of a single boiler, then some $60, 000 a year would be saved
in fuel. Thus, the instrumentation required could be paid out in one or




two years at the most. A fuel savings of 5% or more beyond that which
can be achieved with a standard Hotler insirumentation would appear to
be a reasonabdle eapectatiorn.




SECTION V1

FEASIBILITY OF LOCAL dRDF PRODUCTION

Currently dRDF is supplied to Wright-Patterson Air Force Base
by the Maryland Environmental Service's contractor, Teledyne National
Corporation. The dRDF is manufactured in Baltimore, Maryland and
shipped via truck about 500 miles to Wright-Patterson Air Force Base
in Dayton, Ohio. For purposes of a test, this has been a satisfactory
relationship, even though the cost of trucking fuel over such a distance
invalidates any economic incentives for burning dRDF.

A major cost savings for this source of dRDF could be achieved
by shipping the dRDF pellets from Baltimore to Wright -Patterson Air
Force Base via rail. Two experimental shipments have been made via
rail using covered hopper cars. The results of both attempts have been
very similar. The dRDF tends to settle in the rail cars during the
period of shipment, a matter of weeks due to scheduling, routing, etc.
Even though it arrives in a dry condition, it is very difficult to unload at
the fuel receiving facility at Wright -Patterson Air Force Base. A side
mounted car shaker would be of great benefit should the long distance
shipment of dRDF be considered the most viable for future efforts. The
savings in shipping costs between rail and truck would more than offset
the cost of additional car shakers. The decision, however, is not so
easily reached because of the uncertainty of the future plans of Maryland
Environmental Service (MES) for the refuse -derived fuel produced at the
Baltimore plant. Telephone conversation with senior personnel at MES
indicates that a substantial demand for the refuse -derived fuel has been
generated within the State of Maryland. Logic suggests that this pur-
chaser would receive priority over out-of-state purchasers. Hence,
MES might simply be unwilling to comply with future contract desires by
Wright -Patterson Air Force Base. In addition, the routine long dis -
tance shipment of the fuel material is vulnerable to interruption by any
number of situations. Thus, with this arrangement, dRDI may be
viewed only as an intermittently available fuel as opposed to a secure
fuel on which normal operations can be planned.

Based on the circumstances described in the preceding para -
graphs, it would appear reasonable to investigate the feasibility and de -
sirability of producing dRDF locally. Two basic management options
present themselves for accomplishing local production. The first option
is to site a dRDF production plant on Air Force property, which will be
owned and operated by the Air Force. The second option is to contract
a cooperative situation with a local conminunity or private organization
wherein the Air Force acts as a fuel purchaser with cooperative interest
in the fuel production process,
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The on-base location of 2 dRDI fecility, which would process
Dascegenorated voaste Y apr Loy o tons per day and possibly
Slher wWaosits, Ol ld U Tia A, il os, t-rincipaily, the Alr Force
could exercise complete coatrol over the operation of the production
prccess. Security could oe added to the site, as desired, in times of

national emergeni v or v Cnregt

There are also a ~ooabor of disadvdainlages to an un-base
location., First, there ire, o> wito any developing technology, certain

visks ek myast o L e b ne the o ocersoperator. It does not
TRPSAT, Yiten Manpowe s dermands in ouier areas, that the Air Force
Cate oD L sas it the risik of e dynam -
Lotecnivdogy Lol resp res 0o teeant olonanagement and operating
Cew s . SE @ DLt e e il e v 1 an D oe s polted 1o the
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cperation at the fowest possible cost. Tihard, once tne Air Force com -
vais Lo suen & progran:, oo wennd be roantvely ditficalt to get
CODUTAOVE porreenonts roon otncr {egeral teencies or inocal commun-
itle 5 1M loTrus 2f CostShHaring or TisK saarioag. b ouria, the limited
waste supply on the base would economicaliy reruire that wastes must

‘ A B diwoa bt A Line s ine e otecal

nolitical wnim or with extraordinarily high operating costs for produc-

N

& o forestnarg ot “orong G ofaec a dduy based on Wright -Patterson's
wastes alcne,  Such a micve would place the base clearly in the position
S UPRIYINL Lavii o P VICeEs - tocal coimnmanities in order to gain title to
sutficient wastes to cifset the uperating costs of a dRDF production

facility,

A o-ha s loeattio gy qnmear st huve a sufficient number of disad-
Celiige s o cnmme o Ans Flerce to seoh other possibilities for creating

Vg
ecal dRDEF pecdavation tavdagg,. ['he single advantage which could be

rostis contrel and security.  Since dRDF may be stockpiled (at least

several days' siuppuy), reduced security would seem to be of secondary
Lpnrtance compared tu the disadvantages of such a facility.

A sceond opuien for loral dRIDE production ts the long term
s¢reement to purchase the fuel produced by a dRDF facility owned and
wperated by a iocal community. The basic advantages to such an agree -
sent are that the Alr For<e's exposure is essentially an agreement to
purchase fuel at a negotiated price, while any difficulties or risks in
financing or operating the facility are absorbed by another group.

There are, however, a munber of disadvantages to this approach.

O S U Lot e Py oo et POsaess the 1Aanagement
and technical strengths necessar. to develop, own, operate and manage
« ruel proauctior facility, even with a single guaranteed customer,

I or g Tt s e s L ithe wrght-Patterson area is
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exercised by Montgomery County. Conversations with a Montgomery
County commissioner have indicated that their basic approvach tou the
problem is not to be in the position of technology development or risk
absorption. Their first motivation is to dispouse of garbage in the most
economic and trouble -free manner passible.  There is, however, cur-
rently a shortage of landfill space in Montgomery County and two incin-
erators designed to reduce the volume ot waste are having severe
operational difficulties due to non-compliance with air pollution codes.
The general position put forth by Montgomery County officials is,

"'little interest in creating a resource recovery or technology venture to
produce dRDF." They would, however, be extremely interested in
participating by delivering wastes to a privately financed, privately
owned and operated dRDF production facility. They would pay a
reasonable and competitive tipping :¢ - for waste disposal to such a
facility.

It is possible that a smail community, such as Fairborn, Ohio,
might be willing to host such a venture, but the technical resources and
management capabilities of a town such as Fairborn are minescule com-
pared with those of Montgomery County. Hence, any expectation of
early success or continuous reliable operation would be extremely
optimistic.

Given the policy position vf Montgomery County, a third option
deserves examination. The third option is to negotiate a cooperative
purchase agreement with a private venture for the production of dRDF
fuel for Air Force boilers. Wright-Patterson Air Force Base's wastes
and other local community wastes would be required to meet Wright-
Patterson Air Force Basc's fuel requirements alone. Thus, the
venture would also require an appropriate waste supply agreement with
Montgomery County.

The advantages to such an approach are significant. First, the
risk in technology development and fuel needs could be shared between
the Air Force and other potential fuel customers. Second, a larger
facility could be constructed and, therefore, a certain economy of scale
affecting overall fuel price would be achieved. Third, a private
venture would supply a dedicated management team whose vested inter -
est would make it necessary to maintain the utmost in plant reliability
and plant modernization, quality control, etc. Fourth, with a private
venture and negotiated agreements, constant fuel quality improvements
could be attained as improved definitions of Air Force boiler firing
needs were developed. Fifth, a privately financed venture would
require relatively short term low risk guarantees from the Air Force,
largely an agreement to purchase fuel of a specified quality in a certain

guantity at a negotiated price. Sixth, the Air Force risk would be
iimited to that of a benevolent fuel purchaser.  Thus, Air Force
iy
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tent BTU's uf codt deliverod to the atr base, adjusted for environ-
‘oental tmpa. ts sud costs for both gaseous emissions and solid
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SECTION VII1

dRDF PRODUCTION SCENARIOS

dRDF production can be classified into two scenarios. The first
is a generalized "omparison for suitability of existing plants or models
that could be copies in the Greater Dayton area. The second is identifi-
cation of those systems that might be considered developmental in nature
with unknown levels of technical and economic risk. This classification
system is very subjective, given the history of all types of resource
recovery facilities.

Seven systems may be considered as reasonably acceptable for
dRDF production. Each of these systems has at least an operating pilot
plant or is operational.

1. The first plant to be considered is the one operated by Teledyne
for the Maryland Environmental Service. This plant presently supplies
dRDF to the U.S. Air Force. The basic plant materials flow pattern
consists of a receiving area, followed by very large shredders, thena
separation process based on air classifiers, next a secondary shredding
of the fuel fraction, followed by magnetic separation of the heavy
fraction and, finally, pelletization of the beneficiated secondary
shredded fuel fraction. Pelletization is accomplished by three pelletiz-
ers, all of the ring die and roller configuration, that produce about

1 1/2 tons of dRDF each per hour. The most significant fact concern-
ing this facility is that it has been on line more or less continuously for
a number of years. The facility's economics are open to question,
since it is subsidized with funds from local, state and federal govern-
ments and the contractor operating the facility has no financial stake in
the facility or in sales of the product. The facility is very large in
capacity, on the order of 1, 200 tons of refuse input per day. The over-
whelming majority of the facility's output, that is, shredded refuse of
fluff fuel quality, is landfilled. A relatively small percentage has been
pelletized and delivered to the U.S. Air Force and others for test
purposes. Total pellet production is probably under 6, 000 tons up to
the present time. Additional development would appear to be v ..rranted,
because of the relative low yield of the pelletized material vs. the total
plant throughput capability.

Ther e are several disadvantages to an attempt to copy this
facility. First, it was built originally on a large scale and does not
appear to yield well tu scaledown procedures. Hence, only a very large
capacity plant of this type could be copied. Yet the dRDF yield from
the large plant has been almost inconsequential. As a result of the
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necessity to construct « second large scale planr very long term con-

tracts or & waient Droac il o tdan e taat as not profit and pavback
motivated would pe required to mabe the system feasible.

The quality of fuel produced has been marginal in terms of meet-
ing Alr Force snecifioation A1 santents have hovered at the 15%
level. Moisture content has been varianle and pellet integrity has been
variable. Rates of fuel delivery have oveen lower tnau those originally
required (8, 000 tons per vear) and +me, cuntent has been variable. In
adaition, tae aysten: o o5t Ty ey “because ol its scale of

operations

As a resuitl, any peeded devolopiients rust be accomplished at

G very high cost For b oy 0 Tion int o fhe wester..  Therefore, this
Systemm 1€ Nol FeCco MG g 4 10 a o joces dadF o production

facility.

by the National Center for Resource Recovery (presently being termin-
ated) and might generallyv be described as the pre-trommeling type

: Anether svsten: which srieit he consicerced has been developed

system. Both ine piici plaai oo ooazningion, .C. (nel termineted),
and a full scale facility in New C'rleans {presently being terminated),
have been operated u-ing the gencroal technology.  In general, the sys-
ter . carsists of rromnel sereening as o pre -shredding separation step.
roilowing the screening, selected materials are shredded, separated
by air classification and magnetic separation or other techniques,
secondarily shredded, snd conducted to a pelletizer, The pelletizers
tre Aas thuse used at the Maryland Environ-

cochare the s moraitacs
St Servete faciicty Creritir evnerience with the pilot plant was

.eas tnan tully satis/actory.  While the pilot plant operated well for
production of very sl experimental batches of material, the general
probleins of reliably processing materia; on a day-in, day-out basis
were beyoend the capabilities of the pilot plant.  Fuel deliveries for
test quantities of dRDF were generally far behind schedule and very
nften the fuel material delivered was far below the desired specifi-
vicors. o The full aroie plant i Noew Orleans, while in operation for
o reascnahle seriod of time, does not produce a fuel (or at least no
market for a fuel has been discovered in the area). The pilot plant
conted ot aorne o or cffienltie s G operating a pelletization plant.
Startup time on pelletizers, for example, is relatively extended, e.g.,
up to three hours. Should, for any reason, the material supply to the
neiietizer he lost, the aellotizer jhust be restarted with resultant low
cAACity startap pe il o0 dats ot three Boure. Inoan caght hear shift,
essentially one day's production capacity is lost if anything other than
a perfect start is made each dayv. Interestingly, it was noted that the
vetjetizer was nyost readily sia-ted each dav by combining a supply of

3‘;5215- Woith o vt et o B "ix!\r'

< sapply ot peliets. in
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general, the operating experience with a pilot plant of the NCRR type
has not been suitably satisfactory to warrant any attempt at duplicating
the facility,

3. A third type of plant is being built in Monroe County, New York,
by Raytheon Service Corporation. This facility apparently consists of
a combination of designs including some materials separation technology
originally developed by the Bureau of Mines, air classifiers and
shredders. The facility is currently far behind schedule and is still in
shakedown, even though contract discussions began in the early 70's.
Due to this rather intermittent history, this type of {acility does not
warrant further consideration until it nhas a substantial amount of oper -
ating history behind it. It should be noted also that this is a very large
scale plant and probably far beyond what is required to serve Air Force
needs.

4. A fourth type of facility is the Eco-fuel developed by Combustion
Equipment Associates. This type of facility utilizes a proprietary
technology for embrittling the celiulosic fraction of municipal waste
followed by various separation steps until a combustible dust is prepar -

ed. Experiments were run on densification of the material. Only by
the use of binders could the material be densified and the experience
was generally described as unsatisfactory. Further, while the pilot

facility operated acceptably after much development effort, the full
scale facility is far in arrears and has caused unacceptable financial
strains on Combustion Equipment Associates. Given the uncertain
future of this technology at the present time, it does not warrant consid-
eration for possible development in the Greater Dayton area.

5. A fifth type of system is totally different from the others. It is
basically a wet pulverization and separation system developed by Black
Clawson in Franklin, Ohio. A pilot plant is currently available in
Franklin and pellets were prepared from this material and tested
earlier by the Air Force. Apparently, difficulties with slagging in the
furnaces were encountered with these pellets. In addition, Black
Clawson, in consortium with others, has constructed or is constructing
two major facilities in the 1,500 to 2, 000 ton per day class. The first
of these facilities, located on Long Island, has ceased operations based
on concerns about potential toxic emissions from the stack. While the
data presented by the U.S. Environmental Protection Agency would
appear to be inconsequential in nature, that agency has not elected as
yet to label the data as such and, therefore, the question remains as to
the significance of preliminary test results. {Is the presence of toxic
materials of specific nature in the stack gases of significance and are
these materials present in any form of refuse -derived fuel?) Testing
for toxic materials is currently being undertaken at Wright -Patterson

[




Air Force BRase, but ti> reoiis i these oala are not presently available
JOr incorporation g o . b “ e ertaan fiiure o1 this
prucess at the presene to o, 1L uoes i wurrant further coasideration as
a model for construction 1 Monigomery County Lo serve the needs of the
Air Force.

6. A aixth tvpe of sys ein o- Dased or 2 unigue separating device

developed by SPM Group. in . iU Coerms.-te 0l a ccarse sared with a low

norsepower machine 10~ cversive tiacerials, ¥ .ilowing this,
e raion I _ oo e s comae o The fuel
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PR F: S ST PO R AN . . . G Lo LY, whwwowere in

Feve oy Ao vaetard s sl S croreos af ot ienst 80% fines by
the tirne they w-ro Aoy crioc el GUOReT.

The SPM pilot plont, whiwe nol s jarge in size as the other

facilittes, does iove 07 voad eneent o sty Included in this history
PR Al e VA toRGEDT e . E Y S S JF PR ¢ T<

Torwarde-t. e b t e oreos ive s ver by this coniractor.

cetew b LTt e s e ety a4 VS was made to the
Galot mlAant . LT e itee i i L .ol 0 ¥0as B operaiion, 1o produce
20 to 10 tors of fuel for Air Fovee use.  The locauvion of the pilot plant
made it difficnlt 1o snvisios evaeriy bow a system would be constructed
i Sl et e oo e o plant tocation was far less
o R e Caave e o sd ra work rond produce a fuel
Pr o tLGE W S el ol s v poroducing dRDF. Basic

P e Lo ‘ Sl UOWeY Te puirement, the

[OEPRANS !
vl AL osoaie ., oo the faci that the separation de-
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at yower capital Cost and Low er aneraliing Cost. Of all the systems
reviewed to date, the SPAM svateny shows the most promise for direct
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be continued.
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period by Midwest Research Institute for tiie U.S. Environmental
Protection Agency and the U.S, Department of Ilnergy. During the
period of this investigation, significant iinprovements were made in the
plant, such that the ash content of the refuse-derived fuel produced was
reduced from 20% to 10%, while the yield in refuse -derived fuel from
the plant was only reduced from 84% to 74% of incoming refuse. Addi-
tionally, extensive dust control systems were placed in the plant to
extend the life of eleciric motors. A number of other improvements
were made in the plant; however, of greatest interest for purposes of
this report is the fact that the net cost for producing the fuel was esti-
mated to range from approximately S14 per ton in 197¢ to approximately
$11 per ton in 1978, Gross cost for iuel production was approximately
$26 per ton of refuse processed in 1978, For Air Force purposes, if a
similar plant were built, the grouss cost of $2¢ per ton could be reduced
to $20 per ton (if a $12 per ton tipping fee were applied). (Assumes
50% dRDF vyield and no uvther revenues.) The cust of densification must
be added to this base cost. Densification may range from $3 to $15 per
ton depending on whose data and opinions one wishes to subscribe.

Thus, a net cost for producing dRDF of 523 to $3% per ton F,O.B. the
plant is conceivable. A selling price waould additionally include land
value, cost of fuel delivery, liability insurance, taxes, management and
marketing fees, and profit adjusted for perceived risk. Given the
increases in the cost of money, equipment and construction, a delivered
price ranging from $40 to 560 per ton may be expected.

The Ames plant produced approximately 35, 000 tons of RDF fuel
per shift year, which places it in the correct size range for Air Force
fuel purchase requirements. Should the Air Force desire to own and
operate a facility or to subsidize in an extensive manner the financing of
such a facility, the Ames model is probably the most developed and most
reliable, currently available one in the United States in the appropriate
size range. Additional study and consideration of the Ames process
design and operating experience as a model for & local dRDF plant is
recommended.

A number of totally undeveloped design concepts deserve consid-
eration for their potential impact on dRDF production in the Montgomery
County area. These concepts fall primarily in the basic research
regime and are largely unexplored. Therefore, they have been included
in the Appendix, Research Briefs, for poussible consideration or investi-
gation in the future. In view of the drastic cutbacks in federal funds to
sponsor a research in the refuse -derived fuel area, the probability of
these research projects being realized is extremely slim. Therefore,
they cannot be looked to as a possible contribution to the need for more
reliable and improved quality densified refuse devived fuel production
processes.
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Second, to accurately evaluate various fuels for their impact on
boiler efficiency, the boiler operation must be absolutely optimized
against each fuel's perforniance characteristics. Improved boiler mon-

itoring instrumentation is a mandatory reyuirement in a precise evalu-
ation. Additional benefits to the Air Force would be at least marginally
improved operation of all boilers, based un the countrol techniques
established with the test boiler.

The third need is for a local synthetic solid fuel production
facility whose fuel formulation capabilities can be integrated into a boiler
performance test program. The local fuel production facility, given the
circumstances in Montgomery County and the needs of the Air Force,
would be owned and operated by a private group. Wastes must be
supplied by local government, i.e., Montgomery County and Wright -
Patterson Air Force Base. A conditicnal centract to supply fuel to the
Air Force must be developed with the management of the fuel production
plant to facilitate private financing tor the venture.

Due to the need for additional fuel formulation development based
on the use criteria and an integral boiler performance test, a negotiated
agreement is probably most beneficial to the Air Force. A competitive
cost contract implies that a true and exact specification of a need can be
written. In this case, the need 1s general and, thus, a written compre-
hensive description is not possible at the present time. Any attempt to
specify needs would undoubtediy produce an inferior gquality fuel based on
a financially marginally viable venture, with no capability for responding
to changing Air Force nceds as thesce are further defined.

The incorporation of coval into the pellet production process
promises to achieve most, if not all, of the fuel characteristic goals im-
plied by the use criteria described heretofore. Thus, the fuel process-
ing capability that is required 1s one that should evolve from pure dRDF
production into an integrated dRDI"/coal pellet. This would, in turn,
reduce new boiler design requirements to those comparable to a coal-
fired facility.

In addition, an integrated fuel production and boiler test program
would provide new insights into the impact of manufactured fuel based on
a number of materials as compared with coal only systems. For example,
friel cost could be decreased by the incorporation of less valued materials
into the fuel mix. Typical materiais might include sewage sludge, munic-
ipal wastes, high sulfur coai, peat, biomass, etc. The end product
should be a superior fuel that would perform better than run-of-the -mine
or processed coal. The use of these materials would contribute greatly
to the solution of problems external to immediate base concerns.,
Realization of the potential of such a svstem, however, requires an
integrated fuel formulation and production facility and boiler

KNy




verformance test capabiiity.

SUL TG proerdi, prol is€s 3 uingue fael/ooler optimization tech-
nigue that may be expanded 1o benefit all beilers at Wright -Patterson Air
Force Base as well as other sotid fuel soliers at Air Force bases in the
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interest in this area include the Department of Energy (for both the
incorporation of high sulfur coal as a fuel material and the use of refuse
as a fuel material) and the Environmental Protection Agency (for the
incorporation of sewage sludge as a fuel material, as well as the
suppression of sulfur emissions by fuel preparation techniques}.

The integrated fuel production and boiler test program should be
given highest support and funding priority because of the very high value
of the program results and the many cost sharing opportunities.

The end product of the test program would be an optimized fuel
and boiler combination for Wright-Patterson Air Force Base with a
local fuel production facility capable of supplying all the fuel needs of
Wright -Patterson Air Force Base at an overall cost savings when com-
pared with present operations. The desired results should be attained
about two years after program initiation for an overall cost of $4 million
to $5 million. This development program cost compares quite favorably
to present Wright-Patterson annual expenditures of about $5 and 1/2
million for low sulfur coal.
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SECTION

CONO T o MMERNDATIONS
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specification for Air Force procurement purposes.

34




APPENDIN A

RESEARCH RRIEFS




APPENDIX A

INTRODUCTION

The following briefs are to supplement the principal conclusions
and recommendations and highlight specific technical questions which
ma